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ABSTRACT
NGC2403, NGC300 and M33 are three nearby pure-disc galaxies with similar
stellar mass in different environments, they are benchmarks for understanding late-
type spiral galaxies in different environments. The chemical evolution and growth of
their discs are investigated by using the simple chemical evolution model, in which
their discs are assumed to originate and grow through the accretion of the primor-
dial gas, and the gas outflow process is also taken into account. Through comparative
study of the best-fitting model predicted star formation histories for them, we hope to
derive a picture of the local environment on the evolution and star formation histories
of galaxies and whether or not the isolated galaxies follow similar evolution history.
Our results show that these three galaxies accumulated more than 50 percent of their
stellar mass at z < 1. It can be also found that the metallicity gradients in isolated
spiral galaxies NGC2403 and NGC300 are similar and obviously steeper than that
in M33, when the metallicity gradients are expressed in dexR−1
25
. The similar metal-
licity gradients in NGC2403 and NGC300 indicate that they may experience similar
chemical evolutionary histories. The principal epoch of star formation on the discs of
NGC2403 and NGC300 is earlier than that on the disc of M33, and the mean age
of stellar populations along the discs of both NGC2403 and NGC300 is older than
that of M33. Our results indicates that the evolution and star formation history of a
galaxy indeed depends on its local environment, at least for galaxies with stellar mass
of 109.2M⊙ ∼ 10
9.7M⊙.
Key words: galaxies: evolution – galaxies: individual (NGC2403, NGC300 and M33)
– galaxies: spiral
1 INTRODUCTION
Understanding the effect of environment on galaxy forma-
tion and evolution is a central topic in extragalactic as-
tronomy (Gupta et al. 2016). An influence of environment
on the evolution of late-type galaxies has been studied
by many groups, but no unanimous conclusion has been
reached. Some studies thought that galaxy environment has
an important impact on the physical properties of galax-
ies (Spitzer & Baade 1951; Davis & Geller 1976). For in-
stance, compared to field galaxies, the clustered spiral galax-
⋆ E-mail: kxyysl@ynao.ac.cn
ies are appeared to be redder (Dressler 1980; Kennicutt
1983), and the evolution timescale from blue star-forming
to red passive galaxies is shorter in dense environments
(Wilman et al. 2005; Cooper et al. 2006; Poggianti et al.
2006; Iovino et al. 2010). Spiral galaxies in the cluster also
have systematically higher metallicity than comparable field
galaxies (Shields et al. 1991; Cooper et al. 2008). However,
many recent studies suggest the effect of the environment
is much weaker than previously claimed. The evolution
of late-type galaxies is driven mainly by their intrinsic
properties and is largely independent of their environment
over a large rang of local galaxy densities (Mouhcine et al.
2007; Ellison et al. 2009; Hughes et al. 2013; Goddard et al.
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2017; Pilyugin et al. 2017, and references therein). There-
fore, there exists some disagreement about whether or not
the environment plays a significant role in shaping the evo-
lution of galaxies.
On the other hand, isolated spirals are charac-
terized by similar abundance gradients, regardless of
the morphology, incidence of bars, absolute magnitude
and mass, when normalized to either the exponen-
tial disc scale-length rd or the isophotal radius (R25)
(Zaritsky et al. 1994; Garnett et al. 1997; Henry & Worthey
1999; Prantzos & Boissier 2000; Mun˜oz-Mateos et al. 2011;
Pilyugin et al. 2014; Sa´nchez et al. 2014; Ho et al. 2015).
Since the gas-phase oxygen abundance provides a fossil
record of the formation and evolution history of galaxies,
the existence of a universal metallicity gradient implies that
all isolated disc galaxies may follow very similar chemical
evolution when growing their discs.
Individualized and comparative studies of the local spi-
ral galaxies may help us understand the environment effect
on the evolutionary history of galaxies and whether or not
the isolated disc galaxies experience similar chemical evolu-
tion. However, most discs are difficult to study in detail due
to the complexities of their bulges (Byun & Freeman 1995).
Fortunately, there are three undisturbed and bulgeless
(pure-disc) spiral galaxies (NGC2403, NGC300 and M33)
with different environments (see Figure 1 of Williams et al.
2013) in the nearby universe (D < 4Mpc). Due to the prox-
imity, large angular sizes and low inclinations for them, they
are excellent targets for detailed observations of their cold
gas, star formation rate (SFR), metallicity and stellar pop-
ulations, thus providing abundant observational constraints
for the model of galaxy formation and evolution. In addi-
tion, these three galaxies are similar in stellar mass (i.e.,
luminosity) and morphology, and their basic observational
properties are summarized in Table 1.
Among the three members, NGC2403 is the most iso-
lated one, and it is an outlying member of the M81 group.
Its Hi rotation curve is extremely regular (de Blok et al.
2008), showing no warps (Williams et al. 2013). NGC300
is a relatively isolated member on the Sculptor filaments
with a nearby low-mass companion (NGC55), and its
outer Hi disc shows a severe warp (Puche et al. 1990), but
there are no strong commonalities between NGC300 and
NGC55 (Hillis et al. 2016). Thus, NGC300 is undisturbed
and nearly the same as the isolated disc galaxy NGC2403
(Hillis et al. 2016). Compared to the above mentioned two
objects, M33 is the least isolated one with a warped Hi
disc between its disc and M31 (Karachentsev et al. 2004;
Putman et al. 2009), indicating they interacted with each
other in the past (Braun & Thilker 2004; Bernard et al.
2012), and the Hi gas streams exist along the axis between
them, which are potential fuel for future star formation in
M33 and M31 (Wolfe et al. 2013). Above all, the stellar sur-
face brightness profiles of both NGC2403 and NGC300 fol-
low a pure exponential form, while that of M33 has a break
at about 8 kpc (Bland-Hawthorn et al. 2005; Ferguson et al.
2007; Barker et al. 2007, 2011, 2012; Hillis et al. 2016). All
the aforementioned information indicates that NGC2403,
NGC300 and M33 are ideal laboratories to explore the lo-
cal environment on the evolution of galaxies and whether or
not the isolated spiral galaxies follow the similar chemical
evolutionary histories. Thus, it is necessary to make a com-
parative study of the evolution and star formation history
(SFH) of these three disc galaxies.
The simple chemical evolution model is a fruitful tool
to explore the formation and evolution of disc galaxies
(Tinsley 1980), and it has been successfully applied to in-
vestigate the evolution and SFHs of nearby disc galaxies
(for instance, Chang et al. 1999, 2012; Chiappini et al. 2001;
Prantzos & Boissier 2000; Yin et al. 2009; Kang et al. 2012,
2016). The goal of this work is to provide a picture of the lo-
cal environment on the evolution of galaxies and whether or
not the isolated spiral galaxies experience similar chemical
evolutionary histories. We have investigated the evolution
and SFHs of M33 and NGC300 in previous work by us-
ing the simple chemical evolution model (Kang et al. 2012,
2016). Thus, before making a comparative study of these
three galaxies, we should use the simple chemical evolution
model to explore the evolution and SFH of NGC2403 first.
As a result, the outline of this paper is organized as follows.
The observational constraints of NGC2403 are presented in
Section 2. The main ingredients of our model are described
in Section 3. In Section 4, we focus on investigating the evo-
lution and SFH of NGC2403 in spatial and temporal detail.
In section 5, we compare the SFH of NGC2403 with those
of NGC300 and M33, to explore the role of environment
played in producing their differences and whether NGC2403
and NGC300 follow similar SFHs or not. Section 6 presents
a summary of our results.
2 OBSERVATIONAL DATA
Since a successful galaxy chemical evolution model, espe-
cially one involving free parameters, should reproduce as
many observational constraints as possible. The observed
present-day cold gas, star-formation rate (SFR) and metal-
licity are crucial constraints on the galactic evolution model.
Therefore, in this Section, we summarize the current avail-
able observations for the disc of NGC2403, including the
radial distribution and global constraints.
2.1 Radial distribution of Hi, SFR and metallicity
Leroy et al. (2008) and Schruba et al. (2011) derived the ra-
dial distribution of Hi gas mass surface density ΣHI(r, t)
for NGC2403 by using Very Large Array (VLA) maps of
the 21 cm line, which is carried out by the National Radio
Astronomy Observatory (NRAO). de Blok et al. (2014) pre-
sented deep Hi observations of NGC2403 obtained with the
Green Bank Telescope of NRAO.
The SFR surface density, ΣSFR, was obtained from
combinations of far-ultraviolet (FUV) with 24µm maps
(Leroy et al. 2008) and Hα with 24µm maps (Schruba et al.
2011). Williams et al. (2013) estimated the recent radial
profiles of ΣSFR from the resolved stars. The λ22 cm
radio-continuum emission was used to derive ΣSFR by
Heesen et al. (2014).
Oxygen is the most abundant heavy element in the
Universe (Korotin et al. 2014; Zahid et al. 2014), and it
is always using as a proxy for the production of all
heavy elements in galaxies (Zahid et al. 2014). Further-
more, in the research of galaxies, metallicity is defined as
the amount of oxygen relative to hydrogen, 12 + log(O/H).
MNRAS 000, 1–12 (2016)
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Table 1. Basic properties of NGC2403, NGC300 and M33.
Property NGC2403 NGC300 M33
Morphology SAB(s)cda,b SA(s)da,b SA(s)cda,b
Distance(Mpc) 3.2c,d 2.0c 0.8e
MB(mag) −18.6
f −17.66g −18.4g
MK(mag) −21.3
h −20.1h −20.4h
Scale-length (kpc) 1.6i 1.29j 1.4j
Rotation velocity(km s−1) 136k 91k 110k
Refs: (a) NED; (b) de Vaucouleurs et al. (1991); (c) Dalcanton et al. (2009); (d) Freedman et al. (2001); (e) Williams et al. (2009); (f)
Lee et al. (2011); (g) Gogarten et al. (2010); (h) Jarrett et al. (2003); (i) Leroy et al. (2008); (j) Mun˜oz-Mateos et al. (2007); (k)
Garnett (2002).
Table 2. Global observational constraints for the disc of
NGC2403.
Property Value Refs.
Stellar mass ∼ 5.01 × 109 M⊙ 1
Hi mass ∼ (2.52 − 5.37) × 109 M⊙ 1, 2, 3, 4, 5, 6
H2 mass ∼ (1.99 − 7.24) × 107 M⊙ 1, 2, 3
Gas fraction ∼ 0.336 − 0.521 this paper
12 + log(O/H)Re ∼ 8.33 − 8.81 2, 7, 8
Total SFR ∼ 0.382 − 1.3M⊙ yr−1 1, 3, 4, 9
sSFR ∼ −10.249 ± 0.025 yr−1 10
Refs: (1) Leroy et al. (2008); (2) Garnett (2002); (3)
Kennicutt et al. (2003); (4) Thilker et al. (2007); (5)
Wiegert & English (2014); (6) de Blok et al. (2014); (7)
Moustakas et al. (2010); (8) Pilyugin et al. (2014); (9)
Karachentsev & Kaisina (2013); (10) Mun˜oz-Mateos et al.
(2007)
Searle (1971) was the first to find that disc galaxies might
possess radial metallicity gradient. Subsequently, a num-
ber of authors confirmed his interpretation that the gas-
phase metallicity decreases with radius (e.g., McCall et al.
1985; Zaritsky et al. 1994; Rosolowsky & Simon 2008;
Bresolin et al. 2009; Moustakas et al. 2010; Pilyugin et al.
2014). Importantly, the observed abundance gradient is one
of the important constraints on the galaxy chemical evolu-
tion model (Boissier & Prantzos 2000; Molla´ & Dı´az 2005;
Chang et al. 2012; Kang et al. 2012, 2016). The radial dis-
tribution of gas-phase oxygen abundance (12 + log(O/H))
along the disc of NGC2403 has been derived by sev-
eral authors (McCall et al. 1985; Zaritsky et al. 1994;
Garnett et al. 1997, 1999; van Zee et al. 1998; Bresolin et al.
1999; Moustakas et al. 2010; Berg et al. 2013; Pilyugin et al.
2014), and those adopted to constrain our model are includ-
ing 12 + log(O/H) from Berg et al. (2013), Pilyugin et al.
(2014) and Moustakas et al. (2010, e.g., using the empirical
calibrated method in Pilyugin & Thuan (2005)).
All the above mentioned radial profiles of Hi, SFR and
12 + log(O/H) will be used in Figure 1 to constrain the
model for selecting the best-fitting model for NGC2403.
2.2 Global properties of Hi, SFR and metallicity
NGC2403 is a Hi-dominated, low-mass spiral galaxy, and its
Hi gas disc extends beyond its optical disc. The atomic hy-
drogen mass of NGC2403 has been calculated to be MHI ∼
(2.189−5.37)×109 M⊙ (Garnett 2002; Kennicutt et al. 2003;
Thilker et al. 2007; Leroy et al. 2008; Wiegert & English
2014). Its molecular gas massMH2 isMH2 ∼ (1.99−7.24)×
107M⊙ (Garnett 2002; Kennicutt et al. 2003; Leroy et al.
2008). Leroy et al. (2008) estimated the total stellar mass
and disc scale-length of NGC2403 from Spitzer 3.6µm
maps, and the corresponding values are M∗ = 5.0× 10
9M⊙
and rd = 1.6 kpc, respectively. Therefore, we can eas-
ily get the gas fraction fgas, which is defined as fgas =
MHI+MH2
MHI+MH2+M∗
, and its value is ∼ 0.336 − 0.521.
Using different tracers, the current total SFR for
the NGC2403 disc has been measured by several groups,
1.3M⊙ yr
−1 from Hα emission by Kennicutt et al. (2003),
0.382M⊙ yr
−1 from a combination of FUV with 24µm
maps by Leroy et al. (2008), 0.692M⊙ yr
−1 from Hα emis-
sion and 0.813M⊙ yr
−1 from FUV luminosity calibrated
by Karachentsev & Kaisina (2013), and 0.912M⊙ yr
−1 de-
rived jointly from TIR and UV luminosities by Thilker et al.
(2007). Mun˜oz-Mateos et al. (2007) used FUV−K color to
calculate specific SFR (sSFR), and derived that the value of
sSFR for NGC2403 is −10.249± 0.025 yr−1. sSFR is defined
as sSFR = SFR/M∗, which represents the ratio of young
to old stars and shows what fraction of total star formation
have been occurred recently.
The gas-phase metallicity of a galaxy is usually repre-
sented by the value of oxygen abundance at the effective
radius of the disc, 12 + log(O/H)Re (Zaritsky et al. 1994;
Garnett 2002; Sa´nchez et al. 2013). Re is defined as the ra-
dius at which the integrated flux is half of the total one, and
it is equal to 1.685 times the radial scale-length rd of the disc.
The oxygen abundance for the disc of NGC2403 has been
measured using different calibrated methods (Zaritsky et al.
1994; Garnett 2002; Moustakas et al. 2010; Pilyugin et al.
2014). A summery of the global properties for the disc of
NGC2403 is displayed in Table 2, which will be used to
constrain the model in Section 4.
3 THE MODEL
In this section, we briefly introduce the basic assumptions
and main ingredients of the model. We assume that the
NGC2403 disc is progressively built up by continuous infall
of primordial gas (X = 0.7571, Yp = 0.2429, Z = 0) from
its halo, and it is composed of a set of independently evolved
concentric rings with the width 500 pc. Infalls of primordial
MNRAS 000, 1–12 (2016)
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gas, star formation, metal production via stellar evolution,
stellar mass return, and outflows of metal enriched gas are
considered in our model, both instantaneous recycling as-
sumption (IRA) and instantaneous mixing of the ISM with
stellar ejecta are also assumed in our model. For simplicity,
neither radial gas flows nor stellar migration is taken into
account in our model. We adopt a standard flat cosmol-
ogy with Ωm = 0.3, ΩΛ = 0.7, and the Hubble constant
h = H0/100 km s
−1Mpc−1 in this work, and the adopted
solar metallicity is 12 + log(O/H) = 8.69 (Asplund et al.
2009).
Following Kang et al. (2012, 2016), the classical set
of integro-differential equations from Tinsley (1980) are
adopted to express the chemical evolution in each ring of the
disc for NGC2403. Since the return fraction R and the nu-
cleosynthesis yield y in the chemical evolution model mainly
depend on the adopted stellar initial mass function (IMF).
We obtain R = 0.43 and y = 1Z⊙ = 0.02 after taking stellar
IMF from Chabrier (2003).
Bigiel et al. (2014) identified clear inflow signatures
from the study of Hi velocity fields for NGC2403. The cold
gas infall rate (fin(r, t), in units of M⊙ pc
−2Gyr−1), as a
function of space and time, is adopted as that in Kang et al.
(2012) and Kang et al. (2016):
fin(r, t) = A(r) · t · e
−t/τ , (1)
where τ is the gas infall timescale, and it is a free parame-
ter in our model. The A(r) are a set of separate quantities
constrained by the present-day stellar mass surface density
Σ∗(r, tg), and tg is the cosmic age. we set tg = 13.5Gyr ac-
cording to the standard flat cosmology. That is, A(r) are iter-
atively calculated by requiring the model predicted Σ∗(r, tg)
equal to its observed value (Chang et al. 2012; Kang et al.
2012, 2016). The present-day stellar mass surface density of
NGC2403 is well described by a simple exponential profile
(Cepa et al. 1988; Barker et al. 2012; Williams et al. 2013),
Σ∗(r, tg) = Σ∗(0, tg)exp(−r/rd), (2)
where rd is the present-day value of disc scale-length.
Σ∗(0, tg) is the present-day central stellar mass surface den-
sity, and it can be easily obtained from Σ∗(0, tg) =M∗/2pir
2
d.
Here, we adopt the stellar mass and disc scale-length of
NGC2403 as M∗ = 5.0× 10
9 M⊙ and rd = 1.6 kpc, which
are obtained from the 3.6µm luminosity (Leroy et al. 2008).
The SFR surface density, Ψ(r, t), describes the total
mass of newly born stars in unit time and area. At each
radius r and time t, Ψ(r, t) depends on the local molec-
ular gas surface density ΣH2(r, t) (Leroy et al. 2008, 2013;
Chang et al. 2012; Kang et al. 2012, 2016; Kubryk et al.
2015), and Ψ(r, t) is linearly proportional to ΣH2(r, t):
Ψ(r, t) = ΣH2(r, t)/tdep, (3)
where tdep is the molecular gas depletion time, and its value
is adopted as tdep = 1.9Gyr in this work (Leroy et al. 2008,
2013). The reader is referred to Kang et al. (2012, 2016) for a
more indepth description for the calculation of the molecular
hydrogen to atomic hydrogen gas surface density in a galaxy
disc, as well as the reason that we adopt the H2 correlated
star formation law.
In general, low-mass galaxies have low escape veloci-
ties due to their shallower gravitational potentials, which
make them more susceptible to losing their ISM through
supernova feedback (Hunter & Thronson 1995; Thuan et al.
1999; Tremonti et al. 2004). In addition, galaxies with ro-
tation speed Vrot ≤ 100 − 150 kms
−1 may expel a large
part of their supernova ejecta to the circumgalactic medium
(Garnett 2002). NGC2403 is a fairly low-mass disc galaxy
with stellar mass M∗ = 5.01× 10
9.7M⊙ (Leroy et al. 2008)
and with a rotation speed about Vrot ≈ 136 kms
−1 (Garnett
2002), thus the gas-outflow process has a significant influence
on the chemical enrichment during its evolution history.
The outflowing gas is assumed to not fall again to
the disc, and it has the same metallicity as the ISM when
the outflow process occurred (Chang et al. 2010; Kang et al.
2012, 2016; Ho et al. 2015). Following the method of
Recchi et al. (2008), the gas outflow rate fout(r, t) (in units
of M⊙ pc
−2Gyr−1) is assumed to be proportional to Ψ(r, t),
that is:
fout(r, t) = boutΨ(r, t) (4)
where bout is the outflow efficiency, and it is the other free
parameter in our model.
In summary, there are two free parameters, the infall
time-scale τ and the outflow efficiency bout, left in our model.
Moreover, there exists degeneracy between y and bout in that
the model adopting a higher y need a larger bout to reproduce
the observed metallicity profile. Thanks to the fact that the
reasonable range of y is small compared with the large pos-
sible rang of bout, we can constrain bout using the observed
abundance distribution.
4 RESULTS
As has been mentioned in Section 3 that there are two
free parameters, the gas infall timescale τ and the out-
flow efficiency bout, in the model, here we investigate the
free parameters on the model results through comparing
the model predictions with observations. Figure 1 demon-
strates the comparisons between the model predicted ra-
dial profiles and the observations. The dotted line, dashed
line and dot-dashed line are corresponding to three limiting
cases of (τ, bout) = (0.1Gyr, 0), (τ, bout) = (15.0Gyr, 0) and
(τ, bout) = (15.0Gyr, 1.0), respectively. Comparisons among
dotted line, dashed line and dot-dashed line show that the
model predictions are very sensitive to the adopted infall
timescale τ , while the outflow efficiency bout mainly influ-
ence the shape of metallicity. This is mainly due to the fact
that the infall timescale τ mainly determines the gas supply
during the whole evolutionary history of a galaxy, while the
outflow efficiency bout takes a fraction of metals away from
the disc.
It can be seen from Figure 1 that almost all the obser-
vational constraints locate between the dotted line and the
dot-dashed line, which implies that we can certainly find
a model that can reproduce the main observational data
along the disc of NGC2403. Figure 1 also shows that the
metallicity in the central region is high than that in the
outmost region, and the observed results certify that the
disc of NGC2403 follows an inside-out formation scenario
(Mun˜oz-Mateos et al. 2007). Like the method in our pre-
vious work (Kang et al. 2012, 2016), we assume the form
of infall timescale is τ (r) = a × r/rd + b (Chiosi 1980;
MNRAS 000, 1–12 (2016)
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Figure 1. Comparisons of the radial profiles between the model predictions and the observational data. Different line types are cor-
responding to various parameter groups: dotted lines (τ, bout) = (0.1Gyr, 0), dashed lines (τ, bout) = (15Gyr, 0), dot-dashed lines
(τ, bout) = (15Gyr, 1), solid lines (τ, bout) = (0.2r/rd + 3.2Gyr, 0.6). The radial profiles of Hi mass surface density and oxygen abun-
dance are separately shown in the top and bottom panels of the left-hand side; On the right-hand side, the radial profiles of H2 mass
and SFR surface density are displayed in the top and bottom panels, respectively. Hi data from Leroy et al. (2008) are shown by red
filled asterisks, while those from Schruba et al. (2011) are displayed by blue filled circles. The observed oxygen abundance taken from
Moustakas et al. (2010), Berg et al. (2013) and Pilyugin et al. (2014) are plotted by red filled circles, magenta filled triangles and blue
filled diamonds, respectively. SFR data obtained from Leroy et al. (2008), Schruba et al. (2011), Williams et al. (2013) and Heesen et al.
(2014) are separately denoted as red filled asterisks, blue filled circles, magenta filled triangles and cyan filled diamonds. It should be
pointed out that the SFR data from Williams et al. (2013) are the recent SFR as a function of radius.
Table 3. The best-fitting model predictions of the total quantities of NGC2403.
MK (mag) MB (mag) MH2 (10
9M⊙) MHI (10
9M⊙) fgas SFR (M⊙ yr−1) sSFR (yr−1) 12 + log(O/H)Re
-21.94 -18.73 0.797 3.28 0.469 0.418 -10.042 8.529
Matteucci & Francois 1989), where a and b are the coeffi-
cients for τ (r). Including another free parameter bout, there
are three free parameters (a, b and bout) in our model that
we should determine.
In order to select the best-fitting model for NGC2403,
we should first search for the best combination of free param-
eters a, b and bout. Thus, we use the classical χ
2 technique
through comparing the model predicted profiles with the
corresponding observational data, such as the radial profiles
of Hi, SFR and 12 + log(O/H) (like the method adopted in
Kang et al. 2016). The boundary conditions of a, b and bout
for NGC2403 are separately assumed to be 0 ≤ a ≤ 1.5,
1.0 ≤ b ≤ 5.0 and 0.1 ≤< bout ≤ 0.9. In practice, we calcu-
late the value of χ2 by comparing our model predictions with
the observed data, i.e., the combination of the radial profiles
of Hi, SFR and 12+ log(O/H). For each pair of a and b, we
vary the value of bout to search for the minimum value of
χ2. The minimum value of χ2 is corresponding to the best
combination of a, b and bout, and we obtain (a, b, bout)=
(0.2, 3.2, 0.6). That is, (τ, bout) = (0.2r/rd + 3.2Gyr, 0.6) is
defined as the best-fitting model, and its results are shown
as solid lines in Fig. 1. It can be found that the solid lines
almost reproduce all the observed data, which means that
this parameter group may reasonably describe the crucial
ingredients of the main physical processes that regulate the
formation and evolution of NGC2403.
MNRAS 000, 1–12 (2016)
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Figure 2. Upper panel : comparisons of the present-day radial
profiles of 12+log(O/H) predicted by our best-fitting model (black
solid line) with the observational data when the galactocentric are
normalized to R25, the symbols are the same as that in the lower
panel (left column) of Figure 1. The green solid line represents
the linear best fit to the observed data, and the green dotted lines
are the 1σ uncertainty. Lower panel : the black filled circles show
the deviations of the observations from our best-fitting model
predictions, derived by the solid line minus the observational data
in the above panel, while the green open circles show the ones
obtained from the linear best fit minus the observational data in
the above panel.
The metallicity provides an important indicator of the
evolutionary history of a galaxy, therefore we use 12 +
log(O/H) to further state the best-fitting model can nicely
describe the formation and evolution of NGC2403. Com-
parisons of the best-fitting model predicted present-day
12 + log(O/H) distributions (black solid line) with the ob-
servational data (points) are displayed in the upper panel
of Figure 2 when the galactocentric are normalized to R25.
The deviations of the observed 12 + log(O/H) points from
our best-fitting model predicted 12+log(O/H) are shown as
the black filled circles in the lower panel of Figure 2, which
are obtained from the best-fitting model predictions minus
the observational data. We also find the linear best fit to the
observed data within the optical radius. The linear best fit
and the 1σ uncertainty are also shown in the upper panel
of Figure 2 by the green solid line and green dotted lines,
respectively. The deviations of the observed 12 + log(O/H)
points from the corresponding linear best fit are denoted as
the green open circles in the lower panel of Figure 2. The
lower panel of Figure 2 reveals that the black solid circles al-
most coincide with the green open circles. The mean values
of deviations for the black filled circles and the green open
circles are 0.12 and 0.11, respectively.
Recently, Kudritzki et al. (2015) derived the present-
day radial profile of 12 + log(O/H) for NGC2403 through
12 + log(O/H)(r, tg) = log10(Z(r, tg)/(16.0 × 0.710)), and
Z(r, tg) is obtained from the following equation,
Z(r, tg) =
yO
Λ
{
1−
[
1 + (1 + α)
Σ∗(r, tg)
Σgas(r, tg)
]−w}
, (5)
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Figure 3. Upper panel : comparisons of the present-day radial
profiles of 12+log(O/H) predicted by our best-fitting model (black
solid line) with that of Kudritzki et al. (2015) (red dotted line)
when the radius is measured in R25. The cyan dashed line repre-
sents the radial profile of 12 + log(O/H) derived by replacing the
observed ratio of stellar to gas mass surface density in equation
5 of Kudritzki et al. (2015) with our best-fitting model predicted
ones. Lower panel : the black filled circles represent the deviations
of 12 + log(O/H) derived by the solid line minus the red dotted
line in the above panel, while the cyan open circles show the ones
obtained from the cyan dashed line minus the red dotted line in
the above panel.
where w = Λ
(1−R)(1+α)
and α = η−Λ
1−R
, η and Λ are the
mass-loss and the mass-gain loading factors respectively, and
η = 0.81 and Λ = 0.71 for NGC2403. The return fraction
R = 0.4 and the oxygen yield yO = 0.00313 are adopted.
Σ∗(r, tg) and Σgas(r, tg) are the observed present-day stellar
mass and total gas mass surface density from Schruba et al.
(2011), and the total gas mass surface density is defined
as Σgas(r, tg) = ΣH2(r, tg) + ΣHI(r, tg) (More information
about the derivation of the models and equation 5 are in
Kudritzki et al. (2015)). Here, we compare the radial profile
of 12 + log(O/H) predicted by our best-fitting model with
that of Kudritzki et al. (2015), which are plotted in Fig. 3
by black solid line and red dotted line, respectively. It can
be found that our results are basically agreement with their
results. Using the radial profile of 12 + log(O/H) along the
disc of NGC2403 predicted by our model and that predicted
by the recent model of Kudritzki et al. (2015) to calculate
the deviations of 12 + log(O/H) for NGC2403, which are
denoted as black filled circles in the lower panel of Fig.3,
we further demonstrate there is no significant difference be-
tween the two predictions.
In order to further certify our results, we also use our
best-fitting model predicted Σ∗(r, tg) and Σgas(r, tg) to re-
place the observed Σ∗(r, tg) and Σgas(r, tg) in equation 5,
and other parameters in the equation 5 are the same as
those of Kudritzki et al. (2015). The result is displayed as
cyan dashed line in Fig. 3. It can be seen that the cyan
dashed line and the red dotted line are nearly the same,
and their corresponding deviations of 12+log(O/H) are dis-
played as cyan open circles in the lower panel of Fig.3. Most
MNRAS 000, 1–12 (2016)
The role of environment on the SFH of disc galaxies 7
0.00 0.25 0.50 0.75 1.00
r/R25
7.5
8.0
8.5
9.0
12
+
lo
g(
O
/H
)
NGC 2403
NGC 300
M33
Figure 4. The present-day radial profiles of 12 + log(O/H) pre-
dicted by their own best-fitting models when the radius is mea-
sured in R25. Different line types represent the radial profile of
12 + log(O/H) for NGC2403 (solid line), NGC300 (dashed line)
and M33 (dotted line). The horizontal red dot-dashed line denotes
the corresponding solar value in Asplund et al. (2009).
important of all, the mean value of deviation for the re-
sults of Kudritzki et al. (2015) (red dotted line in the up-
per panel of Fig.3) from the observed 12 + log(O/H) data
(points in the upper panel of Fig.2) is 0.11, and the mean
deviation value for K15+ours (cyan dashed line in the up-
per panel of Fig.3) from the observed 12 + log(O/H) data
(points in the upper panel of Fig.2) is also 0.11. This in-
formation reinforces our results that our model predicted
Σ∗(r, tg) and Σgas(r, tg) can also nicely reproduce the ob-
served values from Schruba et al. (2011).
In Table 3, we also display the best-fitting model pre-
dicted present-day total quantities of NGC2403, such as the
absolute K− and B− band magnitude MK and MB, Hi
mass, gas fraction fgas, total SFR, sSFR and characteristic
12 + log(O/H) (defined as the oxygen value 12 + log(O/H)
at the effective radius Re). It can be found that the physical
quantities in Table 3 are basically agreement with the corre-
sponding observed ones in Table 1 and Table 2 considering
the observed uncertainties.
5 COMPARISON WITH NGC300 AND M33
In order to provide a picture of the local environment on the
evolution of galaxies and whether or not the isolated spiral
galaxies follow similar evolution histories, we will compare
the SFH of NGC2403 with those of nearby morphological
twins NGC300 and M33 in this section. Table 4 summarizes
the main input properties and the best-fitting parameters for
them. Physical details of the model description and search-
ing for the best-fitting models for NGC300 and M33 are in
Kang et al. (2016) and in Kang et al. (2012), respectively.
Through comparative studying the metallicity gradient and
mean age gradient, along with cosmic evolution of disc scale-
length, stellar mass and SFR for these three galaxies, we
hope to investigate the impact of local environment on the
evolution and SFH of these three galaxies, as well as whether
or not the isolated spiral galaxies experience similar evolu-
tion histories.
5.1 The metallicity gradient
Rupke et al. (2010) found that the gas-phase oxygen abun-
dance gradients in interacting disc galaxies are shallower
than that in isolated disc galaxies, and the median metallic-
ity gradient in interacting and isolated galaxies is −0.23 ±
0.03 dex/R25 and −0.57 ± 0.05 dex/R25, respectively. Fur-
thermore, Pilyugin et al. (2014) measured the metallicity
gradients of 130 nearby late-type galaxies, and derived the
universal metallicity gradients of 0.32 ± 0.20 dexR−125 for
104 of their field galaxies (i.e., excluding mergers and close
pairs). Ho et al. (2015) also studied the integral field unit
(IFU) observations of 49 isolated spiral galaxies with abso-
lute magnitudes −22 < MB < −16, and found evidence for
a common metallicity gradient among their galaxies when
the slope is expressed in units of the isophotal radius R25,
i.e., −0.39 ± 0.18 dexR−125 .
The aforementioned information indicates the neces-
sity to explore the metallicity gradients for the discs of
NGC2403, NGC300 and M33. The best-fitting model pre-
dicted present-day gas-phase oxygen abundance profiles of
NGC2403 (solid line), NGC300 (dashed line) and M33 (dot-
ted line) are plotted in Fig. 4. The best-fitting model pre-
dicted present-day central oxygen abundance are 8.560 for
NGC2403, 8.518 for NGC300 and 8.480 for M33, consistent
with the observed central value of them in Pilyugin et al.
(2014), i.e., 8.48±0.02 for NGC2403, 8.51±0.02 for NGC300
and 8.48 ± 0.02 for M33, taking into account the observed
uncertainties and the calibration for determining metallicity.
It can be seen from Fig. 4 that the metallicity gradi-
ents of NGC2403 and NGC300 are similar, while the metal-
licity gradient of M33 in the inner region (≤ 0.635R25) is
obviously shallower than that of NGC2403 and NGC300,
when the metallicity gradients are expressed in dexR−125 . The
model predicted present-day metallicity gradients in the cen-
tral parts (up to their break radii) are −0.154dex/R25 for
NGC2403, −0.167dex/R25 for NGC300 and −0.065dex/R25
for M33. This is mainly because the interactions between
M33 and M31 drive large gas flows towards the central re-
gion, carrying less enriched gas from the outskirts of M33
into its central region, diluting the central region metallic-
ity, and change its metallicity gradient.
Compared to the inner regions, the model pre-
dicted present-day metallicity gradients in the outer
parts (after their break radii) are similar for them,
e.g., −0.854dex/R25 for NGC2403, −0.867dex/R25 for
NGC300 and −0.993dex/R25 for M33. Our model pre-
dicted present-day metallicity gradients for these three tar-
get galaxies are in contradiction with the recent results
of Toribio San Cipriano et al. (2016), who carried out the
deep spectrophotometry of HII regions in NGC300 and
M33, and found that the gradients of oxygen abundances
(derived from the collisionally excited lines) in NGC2403,
NGC300 and M33 are close to each other. Fortunately,
our results are in line with the previous observed re-
sults of Pilyugin et al. (2014), that is, the global gradients
of oxygen abundances in M33 is shallower than that of
NGC2403 and NGC300. Furthermore, the similar metallic-
ity gradients in both NGC2403 and NGC300 indicate that
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Table 4. The main input properties and parameters of the best-fitting models for NGC2403, NGC300 and M33.
Individual NGC2403 NGC300 M33
Input physical properties Total stellar mass (109M⊙) 5.0 1.928 4.0
Scale-length rd (kpc) 1.6 1.29 1.4
Star formation law Ψ(r, t) = ΣH2(r, t)/tdep Molecular gas depletion time tdep (Gyr) 1.9 1.9 0.46
Infall rate fin(r, t) ∝ t · e
−t/τ Infall time-scale τ(r) (Gyr) 0.2r/rd + 3.2 0.35r/rd + 2.47 r/rd + 5.0
Outflow rate fout(r, t) = boutΨ(r, t) Outflow efficiency bout 0.6 0.9 0.5
they may experience similar chemical evolutionary histories
(Prantzos & Boissier 2000; Ho et al. 2015).
5.2 The evolution of the scale-length rd
To derive the scale-length rd of the disc at each time bin,
we fit an exponential law to the total stellar mass surface
density profile. The left panel of Fig. 5 shows the temporal
evolution of the disc scale-lengths rd for the three galax-
ies, NGC2403 (solid line), NGC300 (dashed line) and M33
(dotted line), and the vertical red dotted line denotes the
galaxy evolutionary age at z = 1 (i.e., t = 5.75Gyr). It
can be seen that rd increases with time in all cases, and
the growth of the three discs seems to be approximately
linear since z = 1 (i.e., t = 5.75Gyr). Then the disc scale-
length growth rate drd/dt can be expressed as the mean tem-
poral disc growth rate, that is, drd/dt =
rd(z=0)−rd(z=1)
t(z=0)−t(z=1)
.
Therefore, the stellar disc scale-length growth rate between
z = 1 and z = 0 predicted by their own best-fitting mod-
els are 0.0387 kpcGyr−1 for NGC2403, 0.0372 kpcGyr−1 for
NGC300 and 0.0445 kpcGyr−1 for M33, fairly consistent
with the statistic results of Mun˜oz-Mateos et al. (2011) that
the scale-length of late-type discs appear to grow at a rate
of 0.02 − 0.04 kpcGyr−1.
Rather than using the absolute growth rate in unit
of kpcGyr−1 to describe the evolution of galaxy discs,
it should be more illustrative to focus on their relative
size increase. The evolution of relative disc scale-lengths
of these three galaxies predicted by their own best fit-
ting models are shown in the right panel of Fig. 5, nor-
malized to their sizes at z = 1. It can be seen that the
disc size of them show clear growth since z = 1, and
the relative increase rd(z = 0)/rd(z = 1) is 1.242 for
NGC2403, 1.2778 for NGC300, and 1.3396 for M33, respec-
tively. That is, compared to M33, the scale-lengths of both
NGC2403 and NGC300 have less growth (Hillis et al. 2016).
Our results are in perfect agreement with the relative disc
growth rate estimated by Mun˜oz-Mateos et al. (2007) and
Mun˜oz-Mateos et al. (2011). In addition, it indicates that,
even though the absolute growth rate of NGC2403 is high,
it will not have a significant increase in its scale-length.
Figure 6 plots the evolution of stellar-mass–scale-length
relation from z = 1 to z = 0 for NGC2403 (solid line),
NGC300 (dashed line) and M33 (dotted line). The z = 0
step and z = 1 step is marked with filled circle and with
filled asterisk, respectively. From Figure. 6, it can be seen
that both stellar mass and scale-length simultaneously in-
crease as time goes by, which reinforces the result of the pre-
vious studies (e.g., Brooks et al. 2011; Mun˜oz-Mateos et al.
2011; Brook et al. 2012, and references therein).
5.3 The evolution of the stellar mass
The left panel of Fig. 7 displays the best-fitting model pre-
dicted evolution of the stellar mass for NGC2403 (solid line),
NGC300 (dashed line) and M33 (dotted line). To make the
growth history of M∗ more visible, stellar masses are nor-
malized to their present-day values; and to compute the
M∗ growth rate, the horizontal dot-dashed line in the panel
marks when the stellar mass achieves 50% of its final value.
It can be seen that all of them have been steadily increas-
ing to their present-day values. Furthermore, these three
galaxies gained more than 50% of their total stellar mass
in the past ∼ 8Gyr (i.e., since z = 1), consistent with
the previous results that late-type galaxies with stellar mass
M∗ < 10
11M⊙ appear to gain most of their stellar mass at
z < 1 (Leitner & Kravtsov 2011; Sachdeva et al. 2015).
To show the accumulation of stellar mass for them more
vividly, we also plot the relative accumulated history of stel-
lar mass since z = 1 (i.e., t = 5.75Gyr) in the right panel
of Fig. 7, here normalized to the value at z = 1. The line
types are the same as that in the left panel. It can be found
that all the three galaxies become more massive with time,
and we derive that the ratio between present-day value of
stellar mass and the value at z = 1, M∗(z = 0)/M∗(z = 1),
is 3.586 for NGC2403, 2.958 for NGC300, and 4.713 for
M33, respectively. It suggests that the principal time of star
formation on the disc of M33 is later than that in NGC2403
and NGC300, indicating that the mean age of stellar popu-
lation in M33 may be younger than that in NGC2403 and
NGC300.
5.4 The evolution of SFR and sSFR
The SFHs of the three galaxies are displayed in the left
panel of Fig. 8, and the different line types correspond to
different galaxies: solid line for NGC2403, dashed line for
NGC300 and dotted line for M33. Fig. 8 shows the SFH of
NGC2403 is similar to that of NGC300, and both NGC2403
and NGC300 reach their peaks earlier than M33, that is, the
principal time of star formation on the discs of NGC2403
and NGC300 is earlier than that on the disc of M33.
The temporal evolution of sSFR is shown in right panel
of Fig. 8, and the line types are the same as that in the
left panel. It can be found from the right panel of Fig. 8
that the sSFR of all the three galaxies decreases with time,
and both NGC2403 and NGC300 have lower sSFR than
that in M33 during their whole histories. Furthermore, the
difference among them increases with time and reaches the
maximum now. All these indicate that the star formation
activity in M33 is more intense than that in other two iso-
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Figure 6. Temporal evolution (from z = 1 to z = 0) of the
scale-length and total stellar-mass predicted by our best-fitting
models for NGC2403 (solid line), NGC300 (dashed line) and M33
(dotted line). The z = 0 step is marked with filled circle, and the
z = 1 step is marked with asterisk.
lated galaxies, and both observations and simulations in-
deed shown that interaction can lead to high star formation
efficiencies (Schuster et al. 2007). Indeed, previous authors
have concluded that star formation activity in the case of
M33 is slightly different, that is, M33 is more efficient in
forming stars than other spirals in the local Universe, es-
pecially for large spirals (Gardan et al. 2007; Gratier et al.
2010). The corresponding values of present-day sSFR pre-
dicted by their own best-fitting models are −10.042 yr−1 for
NGC2403, −10.127 yr−1 for NGC300 and −9.841 yr−1 for
M33. Meanwhile, Mun˜oz-Mateos et al. (2007) used FUV−K
color as a proxy for sSFR, and derived that the values
of sSFR for NGC2403, NGC300 and M33 are −10.249 ±
0.025 yr−1, −10.253 ± 0.02 yr−1 and −9.953 ± 0.005 yr−1,
respectively. Thus, our best-fitting model predicted sSFR
values are in good agreement with the observed values of
Mun˜oz-Mateos et al. (2007), considering the the observed
uncertainties.
5.5 The age gradient
In order to display clearly the property of the stellar age of
the three galaxies, we plot the mean stellar age along the
discs of them, predicted by their own best-fitting models,
with the solid line for NGC2403, dashed line for NGC300
and dotted line for M33 in Fig. 9. It can be seen that there
exists radial age gradient in all of them, and the age gradi-
ent of NGC2403 is shallower than those of NGC300 and
M33. The best-fitting model predicted stellar population
mean age in the central region is 6.82Gyr for NGC2403,
7.70Gyr for NGC300 and 6.37Gyr for M33, and that at
r = 8.0 kpc is 3.44Gyr, 2.97Gyr and 2.48Gyr in the corre-
sponding discs. We obtain the age gradient of NGC2403 is
0.4225Gyr kpc−1, consistent with the previous observational
work for the age distribution along the disc of NGC2403
(Barker et al. 2012; Williams et al. 2013). This further con-
firms the above results that the mean age of stellar popula-
tions along the whole discs of both NGC2403 and NGC300
is older than that in M33. Meanwhile, it also indicates that
recently there are more gas infall onto the disc of M33 and
more star formation occurred along the M33 disc than that
in the other two galaxies. This is mainly due to the fact
that there exists an Hi bridge between M33 and M31, which
is responsible for the future star formation in their discs
(Wolfe et al. 2013).
6 SUMMARY
In this work, we analyse the evolution and SFH for the disc of
NGC2403 by constructing a simple model, which is assumed
that the disc of NGC2403 originates and builds up through
the accretion of the primordial gas, and the gas outflow pro-
cess is also considered in the model. Our results show that
the model results are very sensitive to the adopted gas infall
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timescale, while the outflow process mainly determined the
shape of gas-phase metallicity distribution along the disc of
NG2403.
To provide a picture of the local environment on the
evolution of galaxies and whether or not the isolated disc
galaxies experience similar chemical evolution history, we
compare our results of NGC2403 with those of nearby mor-
phological twins M33 and NGC300, which are studied in
our previous work (Kang et al. 2012, 2016). We found that
these three galaxies gained more than 50 percent of their
stellar mass in the past ∼ 8Gyr (i.e., at z < 1). Our re-
sults also show that the metallicity gradient in M33 seems
to be flatter than that in isolated galaxies NGC2403 and
NGC300, and the metallicity gradient in NGC2403 and
NGC300 are similar, when the metallicity gradients are ex-
pressed in dexR−125 , which implies that both NGC2403 and
M33 may follow similar chemical evolutionary histories. The
principal epoch of star formation on the discs of NGC2403
and NGC300 is earlier than that on the disc on M33, and
the mean age of stellar populations along the whole discs of
both NGC2403 and NGC300 is older than that of M33. The
local environment plays an important role on the evolution
and SFH of a galaxy, at least for galaxies with stellar mass
of 109.2M⊙ ∼ 10
9.7M⊙.
Although we obtain the reasonable results about the
environment on the evolution and SFH of spiral galaxies,
we only focus on three spiral galaxies (NGC2403, NGC300
and M33) in the work. The sample size is small now, we
will investigate large sample in the near future work, and
IFU surveys provide large observational sample size for our
future study.
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